A B S T R A C T Fecal bile salt excretion was studied in healthy volunteers, patients with regional ileitis, and patients with ileal resection. 10 ,uc of carboxyl-14C-cholic acid was given orally. Stools and urine were collected daily for 5-10 days, the bile salts extracted, and the radioactivity assayed. Urinary excretion was negligible. All patients with ileal resection excreted bile salts in the feces significantly faster than controls, and five of the six excreted 50%o of the radioactivity within 24 hr.
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Their mean intestinal transit time was 5.6 hr compared to 26 hr for the controls. Two of the three patients with regional ileitis excreted bile salts almost as rapidly as patients with ileal resection. Vitamin B12 absorption was also defective in those patients, but the intestinal transit time was not decreased.
To study the effect of rapid intestinal transit on bile salt excretion, four of the control subjects were given orally 1200 ml of 10% mannitol for 7 days, and the labeled cholic acid excretion rate was again studied. The mean intestinal transit time was markedly shortened, mild steatorrhea developed, and the fecal bile salt excretion rate increased slightly.
It is concluded that ileal resection and ileal disease are major factors and rapid intestinal This work was presented in part at the Annual Meeting of the American Gastroenterological Association, Gastroenterological Research Forum, Colorado Springs, Colo., 25 May 1967, and abstracted in Gastroenterology. 1967.
INTRODUCTION
In man and experimental animals, bile salts are actively absorbed from the ileum (1) (2) (3) . return to the liver via the portal circulation, and are reexcreted in the bile in combination with newly synthesized bile salts from the liver. The total bile salt pool circulates prol)al)ly about six timnes each day (4) . Ileal reabsorption and recirculation, rather than hepatic synthesis, is the major factor in maintaining the bile salt pool in normal mnan. Normal ileal absorption of bile salts is so efficient that less than 5%, of the bile salt pool is lost in the feces per cycle.
Increased fecal loss of bile salts in several l)atients with ileal resection has recentlyI been reported (5-7). Austad et al. showed aln increased rate of loss in a single patient with radiation ileitis (8) . We have extended these observations to study fecal bile salt loss in additional patients with ileal resection, in patients with regional ileitis. and in normal subjects in whom rapid intestinal transit was produced by the oral administration of a poorly absorbed sugar. students and three young women. In all three patients with regional enteritis, the disease was limited to the distal ileum; the diagnosis was confirmed by laparotomy in each patient. One patient underwent ileal resection after the study, and the ileum showed histologic features typical of regional enteritis. The patients with ileal resection were studied 4 months to 5 yr after surgery. The ileum had been resected in five patients because of small bowel obstruction and in one patient because of infarction. The ileocecal valve and at least 2 ft of distal ileum were removed in each patient.
All patients were hospitalized on the clinical research ward; control subjects were studied as outpatients. Routine laboratory studies, d-xylose absorption, 72 hr fecal fat excretion, serum carotene concentration, and intestinal transit time, measured by the dye, brilliant-blue with carboxymethycellulose (9), were determined in all subjects and patients before study. Radiographic examination of the small intestine, quantitative bacteriologic culture of jejunal contents, Schilling test (10), and small bowel mucosal biopsy were obtained in patients with ileitis and ileal resection.
10 ,Ac of carboxyl-"4C-cholic acid (Nuclear-Chicago Corporation, Des Plaines, Ill.), 12.2 ,uc//Amole in 1 ml of 95% ethanol in a large gelatin capsule, was given by mouth before breakfast followed by 600 mg of dessicated ox bile (Armour Pharmaceutical Co., Chicago, Ill., NF) and 240 ml of milk and cream. Stools and urine were collected in 24-hr aliquots for a 7-10 day period and were frozen immediately. Labeled cholic acid was given intravenously to several patients in separate experiments. The route of administration of the bile salt did not affect its rate of fecal excretion.
Bile salts were extracted from the urine by the method of Weiner et al. (11) , and the radioactivity was assayed in a liquid scintillation spectrometer as described below.
Fecal bile salts were extracted by a modification of the method of Grundy et al. (12) . Stools were thawed, diluted with water, and homogenized with a paint can shaker. 2 g of the homogenate was added to 40 ml of 2 N NaOH in 90%o ethanol and heated to 121'C at 16 psi for 90 min. After cooling, the mixture was acidified to pH 2 and shaken with 75 ml of chloroform: methanol (2:1).
The chloroform phase was separated, and the aqueous phase washed twice with 50 ml of chloroform. The pooled chloroform extract was reduced to dryness in a rotary evaporator, and the residue was redissolved in 95%
ethanol. An aliquot was placed in a counting vial and dryed under nitrogen. 15 ml of Bray's solution (13) was added to the counting vial, and the radioactivity was quantitated in a liquid scintillation spectrometer. At the beginning of each extraction, a known amount of labeled cholic acid was added to a duplicate stool sample as an internal standard, and the same extraction procedure was followed. The recovery of the added cholic acid consistently ranged from 97 to 100%o, confirming the efficiency of the extraction.
To evaluate the effect of rapid intestinal transit on bile salt absorption, four of the control subjects were admitted to the research ward for further study. Diarrhea and rapid intestinal transit were induced by the oral administration of 1200 ml of 10% mannitol daily for 7 days (14) . Each day, 400 ml of the mannitol solution was taken approximately 1 hr after every meal. This regimen produced four to six liquid bowel movements per day. After diarrhea had been established for 1-2 days, the bile salt excretion study was repeated. 10 ,uc of cholic acid was given orally to each subject, the stools and urine were collected, and the bile salt radioactivity was determined as described above. Fecal fat excretion was measured throughout the experimental period, and intestinal transit time was determined frequently. Two subjects had mild lower abdominal cramping discomfort, but all of them maintained moderate physical activity and ate normal diets containing 100 g of fat per day.
A simplified single-compartment kinetic model was assumed for data analysis (15, 16) . This model l)redicts a log-linear excretion pattern described by y = e"b, where y = 1 -F, F = cumulative fraction of administered bile salt excreted, b = decay constant, and t = time in days.
The decay constant, b, was calculated for each data set by the method of least squares using an IBM 7044 digital computer. In accordance with the prediction of the model, the data could best be described by a single exponential function as confirmed by standard regression techniques.
The standard errors of the estimates show that the decay constants were determined with precision (Table I) . The group means of the decay constants were coml)ared by analysis of variances.
RESULTS
The results are summarized in Tables I and II Controls. Laboratory studies were normal in the seven volunteers. Mean transit time was 26 hr from mouth to anus, and mean fecal fat was 3.5 g/24 hr (normal < 5.0 g/24 hr). Control subjects excreted labeled bile salt more slowly than did any of the study groups; the mean decay constant was 0.126 days-'. The time for one-half of the labeled bile salt to be excreted varied from 3.2 to 6.4 days, which is somewhat longer than noted by other investigators (8, 16 ) who measured the daily decrease in concentration of labeled bile salt in duodenal content, rather than fecal excretion of bile salt. The longer transit time might be explained by the assumption of two sub-pools of bile salts, a large and rapidly circulating pool in the small intestine, and a small, sluggish pool in the colon (17) . Calculation of bile salt turnover rate from duodenal concentrations might reflect primarily the rapidly circulating pool, whereas measurement of bile salt fecal excretion reflects hoth pools. The relatively lengthy mouth to anus All patients excreted the labeled bile salt rapidly. The mean decay constant, 1.43 days-1, was much greater in this group than in the control group (P < 0.001). There was poor correlation of decay constant with length of resection, steatorrhea, and transit time (Table I) . For example, patient E. H. had the largest resection, the smallest decay constant, and only 21 g of fecal fat/24 hr. Patient E. B. had a small resection, a decay constant of 2.5 days-l, and 10.5 g of fecal fat/24 hr. Five of the six patients excreted 50%o or more of the labeled bile salt within 24 hr, a finding which is in agreement with the observations of others (15) .
Mannitol-induced diarrhea. Marked alterations occurred in the four normal volunteers during the period of mannitol-induced diarrhea. Transit time decreased from a mean of 26 hr before the study to 4.6 hr during the period of diarrhea. Fecal fat excretion increased from a mean of 2.9 to 8.3 g/24 hr. Fecal fat did not increase progressively during mannitol administration. The daily fecal volumes were similar to those of the ileal resection group. The rate of fecal bile salt loss was significantly increased from a control mean of 0.126 to a mean of 0.253 days-1 during mannitol administration (P < 0.01). The effects of mannitol and ileal resection are compared in Fig. 1 .
Because of the rapid mouth to anus transit time, it was assumed that transit through the ileum was also decreased. This assumption was confirmed by the administration of 400 ml of 10%o mannitol to two patients with an ileostomy. Mouth to ileostomy transit time, measured with brilliant-blue dye, decreased from a control of 3.5 and 4.5 hr to 0.75 and 1.0 hr, respectively. DISCUSSION Although previous workers had suggested that the ileum was the major site of bile salt absorption (1, 18), Lack and Weiner conclusively demonstrated that active bile salt transport was limited to the ileum (19) . The studies reported here confirm that resection or disease of the distal ileum is associated with increased fecal bile salt loss. Two of three patients with ileitis excreted bile salts nearly as rapidly as did patients with ileal resection. The third patient, with a normal Schilling test and no steatorrhea, excreted bile salts at a normal rate. Although the extent of ileal disease or resection is important, the functioning ileal surface area is only one of several important factors in bile salt loss and the associated steatorrhea. The relationship of small bowel transit time to absorption of fat, protein, and carbohydrates has not been thoroughly studied. Stahlgren in 1958 produced diarrhea, steatorrhea, and weight loss in dogs with ileal resection (20) . The surgical placement of a short antiperistaltic segment to delay small bowel transit eliminated diarrhea, produced weight gain, and diminished steatorrhea. Decreased d-xylose absorption in postgastrectomy malabsorption and the carcinoid syndrome has been attributed to rapid intestinal transit (21) . Rapid perfusion of the human jejunum with a d-xylose solution decreases the rate of its absorption (22) .
In our study the oral administration of 10%o mannitol to normal subjects decreased small bowel transit time and increased the rate of bile salt excretion. It is important to note, as emphasized in Fig. 1 , that rapid transit alone was not a major cause of either rapid bile salt excretion or steatorrhea in these normal subjects. The transit times and fecal volumes produced by mannitol were essentially the same as those accompanying ileal resection, but the defects in bile salt and fat absorption were not nearly as great as those occurring with ileal resection. The mean bile salt decay constant in the patients with ileal resection was 11 times the control, while in the subjects with mannitol-induced diarrhea it was only twice the control. It is therefore clear that the amount of healthy ileal mucosa present is the most important factor in bile salt absorption.
Mannitol is poorly absorbed from the gastroinestinal tract. Diarrhea is produced by the osmotic effect of the unabsorbed sugar. Hindle and Code showed that only about 20%o of an administered dose is absorbed by the rat intestine in a 1 hr period (23), but there have been no similar studies in man. Recent evidence suggests that hypertonic mannitol placed in isolated rat jejunal loops can produce structural damage to the epithelial cell and decrease glucose absorption (24) . In our subjects the mannitol was probably isotonic, or nearly isotonic, when it left the stomach, but the possibility of hypertonic ileal content, due to bacterial decomposition of the sugar and damage to the ileal mucosa, cannot definitely be excluded. Since the rate of fecal fat and bile salt excretion did not increase progressively during the period of mannitol administration, it is more likely that rapid transit alone was the major cause of both fat and bile salt malabsorption. The dilution of the bile salt in a large volume in the ileal lumen and hence its relative unavailability to the mucosa probably added to the effect of rapid transit. Although the steatorrhea probably resulted from rapid passage of triglycerides through the intestine, there is a possibility that bile salt depletion played some role.
Conjugated bile salts have important functions in the digestion and absorption of lipids, functions which have recently been reviewed (25, 26) . These bile salts stimulate hydrolysis of triglyceride by pancreatic lipase, and they maintain the resultant fatty acid and monoglyceride in micellar solution, which is necessary for absorption. The intracellular conversion of absorbed lipids to triglycerides and their excretion in chylomicrons may also be stimulated by the presence of bile salts (27) , but this hypothesis has been seriously questioned (28) . The absorption of cholesterol and vitamin A depends upon adequate bile salt concentration (29, 30) .
Despite these important actions, the practical significance of excessive bile salt loss in patients with ileal resection or disease is not known at this time. Impaired absorption of fats occurs in both experimental animals and patients with external biliary fistulae. Fat malabsorption, however, is often less striking than anticipated (31) . To assess the significance of interruption of the enterohepatic bile salt cycle, both the capacity of the normal liver to synthesize bile salts in response to excess bile salt excretion and the minimal effective bile salt pool must be known. It has been estimated that the bile fistula rat can increase the rate of bile salt synthesis about 10 times (32) , but such information is not available for man. Austad et al. reported a decrease in size of the taurocholate pool in their patient with ileal resection, but they did not measure the other bile salts (8) .
Active ileal transport of bile salts is not the only mechanism by which bile salts are returned to the enterohepatic circulation. Significant absorption of unconjugated bile acids by passive diffusion occurs in the rat (33) and human jejunum (34).
Hislop et al. found that glycine conjugates can also be absorbed by the human jejunum, probably by diffusion (34) . It is possible that diffusion of both conjugated and unconjugated bile salts across jejunal mucosa is greater than normal in patients with ileal disease or resection for two reasons: (a) there might be a compensatory increase in synthesis of the more easily absorbed glycine conjugates; and (b) in many patients with resection of the ileum and the ileocecal valve there is free access of bacteria to the proximal small intestine. Since some bacteria can deconjugate bile salts (35) , the prompt jejunal absorption of the free bile salts and their return to the liver could contribute toward maintaining a normal bile salt pool. Furthermore, the number of absorptive cells in the human jejunum can increase after ileal resection (36) , which might lead to a proportionate increase in jejunal absorption.
The critical intraluminal bile salt concentration necessary for adequate fat absorption has not been established. In two patients with ileal resection, Hofmann and Grundy, and Hardison and Rosenberg found a decrease in the micellar phase of jejunal lipids, which returned toward normal after the administration of bile salts (5, 6) . These important measurements are needed in many patients to assess the actual importance of fecal bile salt loss in the malabsorption of triglycerides and other lipids.
